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1
PARTICULATE MATTER PURIFYING
MATERIAL, FILTER CATALYST FOR
PURIFYING PARTICULATE MATTER USING
PARTICULATE MATTER PURIFYING
MATERIAL, AND METHOD OF
REGENERATING FILTER CATALYST FOR
PURIFYING PARTICULATE MATTER

TECHNICAL FIELD

The present invention relates to a particulate matter puri-
fying material capable of purifying, with high efficiency,
particulate matter included in exhaust gas from an internal
combustion engine driving under a lean burn condition,
relates to afilter catalyst for purifying particulate matter using
the particulate matter purifying material, and further relates to
a method of regenerating a filter catalyst for purifying par-
ticulate matter.

BACKGROUND ART

In recent years, in consideration of a global environment, a
reduction in carbon dioxide (CO,) emissions has been highly
desired. Therefore, enhancements of a lean burn operation are
being made in order to achieve better fuel consumption of an
internal combustion engine of a vehicle.

Exhaust gas emitted from a lean-burn gasoline engine, a
direct-injection engine or a diesel engine contains a lot of
oxygen. Thus, a conventional three-way catalyst can hardly
reduce and purify nitrogen oxide (NOx). Further, when par-
ticulate matter is discharged, a common monolithic catalyst
cannot purify the particulate matter. Particularly, in order to
sufficiently purify exhaust gas emitted from the diesel engine,
not only NOx but also particulate matter (PM) are necessarily
purified. Therefore, advances are being made in the develop-
ment for purification of exhaust gas in various ways.

One of the effective methods for purifying PM is to trap PM
emitted from an internal combustion engine using a filter. In
this case, since a pressure loss increases as the amount of the
PM deposited on the filter increases, the filter is necessarily
heated up to burn and remove the PM. In the present circum-
stances, the filter is required to be heated to at least 600° C. or
more so as to remove the deposited PM quickly to regenerate
the filter. In order to further increase a burning rate of the PM
to regenerate the filter for a short time, the filter is necessarily
heated to 650° C. or more.

Inthis case, a large amount of fuel is supplied to the internal
combustion engine, so as to increase an exhaust gas tempera-
ture. In addition, unburned fuel is discharged from the inter-
nal combustion engine to be burned by an oxidation catalyst
provided in the front portion of the filter, so as to increase the
exhaust gas temperature. However, such an operation causes
a decrease in fuel consumption. Moreover, the deposited PM
is burned in a self chain reaction at such a high temperature.
Therefore, thermal runaway is caused when the PM is exces-
sively deposited, and as a result, the filter may be damaged.

In order to burn PM deposited on a filter effectively at a
lower temperature, various ways to support a catalyst com-
ponent on a filter have been attempted (for example, refer to
Patent Literature 1).

However, the catalyst component supported on the filter is
solid, and the PM to be removed is also solid. Since a rate of
contact between the solid substances is low, it is difficult to
obtain a sufficient effect of reaction promotion. Therefore, for
example, a suggestion to promote PM burning by causing a
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concentration gradient of the catalyst component to be sup-
ported has been proposed (for example, refer to Patent Lit-
erature 2).

When an excessively large amount of a catalyst is sup-
ported on a filter in order to promote PM burning, pores of the
filter are blocked, and a pressure loss is thus increased. Thus,
a suggestion to adjust a porosity, a pore diameter and the
catalyst coated amount of the filter has been also proposed
(for example, refer to Patent Literature 3).

In addition, a suggestion to prevent thermal runaway when
a large amount of PM is deposited on a filter has been pro-
posed. For example, a suggestion to control the introduction
amount of air when PM is burned has been proposed (for
example, refer to Patent Literature 4).

Moreover, researches for materials capable of starting
burning PM at a lower temperature have been advanced. For
example, various types of components are added based on
cerium, and the amount of the components to be added is
controlled, so as to enhance low temperature activation (for
example, refer to Patent Literature 5).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Examined Publication
No. H04-42063

Patent Literature 2: Japanese Patent No. 3613669

Patent Literature 3: Japanese Patent No. 3560408

Patent Literature 4: Japanese Patent Unexamined Publication
No. H08-291705

Patent Literature 5: Japanese Patent Unexamined Publication
No. 2006-326573

SUMMARY OF INVENTION

However, according to the above-mentioned prior arts, a
catalyst is mostly used only for ignition of PM. Therefore,
when a large amount of PM is deposited, the deposited PM is
burned in a self chain reaction mode, and an excessive
increase in temperature is thus promoted. Further, thermal
degradation of the catalyst is promoted associated with the
promotion of the excessive increase in temperature. As a
result, a problem of a decrease of the catalyst effect may be
caused.

In the above-mentioned suggestion with regard to the
material, although the effect of improvement of the low tem-
perature activation in the case of highly mixing catalyst pow-
der with PM is described, an effect when the catalyst powder
is actually supported on the filter is not clarified. Namely,
since the PM and the catalyst powder are both solid in the
actual filter, it is difficult to enhance a rate of contact between
the PM and the catalyst powder. Thus, it is not unclear
whether the effect of the improvement of the low temperature
activation can be achieved sufficiently.

As described above, the conventional filter catalysts are
ignition means for causing self chain reaction burning at a
lower temperature. Therefore, there is a problem to cause
thermal degradation of the catalysts since the burning control
is difficult.

In addition, there is a possibility that the PM may not be
burned completely depending on the PM deposition distribu-
tion on the filter. Further, even though a catalyst material
having an excellent activation property at a low temperature is
used, a rate of contact between the PM and the catalyst mate-
rial that are both solid is low when these are supported on an
actual filter, and the sufficient action thereof cannot be
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achieved. Therefore, the filter catalyst is necessarily sub-
jected to a high temperature condition forcibly to burn the PM
completely. As a result, the conventional problems such as a
decrease in fuel consumption and thermal runaway of the
filter catalyst still remain.

The present invention has been made in view of such con-
ventional problems. It is an object of the present invention to
provide a particulate matter purifying material that has an
excellent PM purifying property and is capable of starting
puritying PM at a low temperature and preventing thermal
runaway in a filter catalyst, a filter catalyst for purifying
particulate matter using the particulate matter purifying mate-
rial, and a method of regenerating the filter catalyst for puri-
fying the particulate matter.

A particulate matter purifying material according to a first
aspect of the present invention is used for a filter catalyst for
puritying particulate matter that is disposed in an exhaust gas
flow path of an internal combustion engine, traps the particu-
late matter in exhaust gas generated in the internal combus-
tion engine, and burns the particulate matter to be deposited,
s0 as to be regenerated. The particulate matter purifying mate-
rial includes: an oxide containing: cerium (Ce) having an
oxygen storage-release capacity; and at least one metal (Me)
selected from the group consisting of zirconium (Zr), yttrium
(Y), lanthanum (La), praseodymium (Pr), strontium (Sr), nio-
bium (Nb) and neodymium (Nd), wherein a content ratio
(Ce:Me) of cerium to the metal is 6:4 to 9:1 in terms of an
atomic ratio, and a degree of crystallinity (CR) represented by
the following formula (1) is within a range of 25 to 60%:

Degree of crystallinity (CR)=1/1;x100(%) (€8]

wherein [ represents an X-ray diffraction peak intensity
with regard to a (111) plane of a CeO, phase in the particulate
matter purifying material, and I, represents the X-ray diffrac-
tion peak intensity with regard to the (111) plane of the CeO,
phase after the particulate matter purifying material is baked
in air at 1000° C.

A filter catalyst for purifying particulate matter according
to a second aspect of the present invention is disposed in an
exhaust gas flow path of an internal combustion engine, traps
the particulate matter in exhaust gas generated in the internal
combustion engine, and burns the particulate matter to be
deposited, so as to be regenerated. The filter catalyst for
puritying particulate matter includes: a filter substrate made
of porous ceramics having continuous fine pores; and a cata-
lyst layer formed on a wall of the filter substrate. The catalyst
layer contains: 25 to 100 g/IL of a mixture of the particulate
matter purifying material and noble metal; and 0.25 to 1.0/L
of the noble metal, per unit volume of the filter substrate.

A method of regenerating a filter catalyst for purifying
particulate matter according to a third aspect of the present
invention includes: preparing the filter catalyst for purifying
particulate matter; and controlling an inner temperature of the
filter catalyst to be 800° C. or less, thereby burning and
removing deposited particulate matter on the filter catalyst.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a graph showing the emission amount of active
oxygen from a CeO,-Me based PM purifying material.

FIG. 2 is a graph showing a relationship between a degree
of crystallinity obtained by an X-ray diffraction characteristic
in a CeO, (111) plane and the emission amount of active
oxygen (spin density ratio) with regard to a CeO,—Pr com-
posite oxide.
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FIG. 3 is a perspective view and a cross-sectional view
showing one example of a filter catalyst according to the
embodiment of the present invention.

FIG. 4 is a system configuration diagram showing one
example of an exhaust gas purifying system in which a filter
catalyst according to the embodiment of the present invention
is installed.

FIG. 5 is a graph showing a relationship between a degree
of crystallinity and a PM oxidation rate of a particulate matter
puritying material.

FIG. 6 is a graph showing a relationship between a cerium
atomic ratio and a PM oxidation rate in a cerium-praseody-
mium composite oxide.

FIG. 7 is a graph showing a relationship between metal and
a PM oxidation rate in a particulate matter purifying material.

DESCRIPTION OF EMBODIMENTS

[Particulate Matter Purifying Material]

A description will be made below in detail of a particulate
matter purifying material (PM purifying material) according
to the present embodiment. The particulate matter purifying
material of the present embodiment is used for a filter cata-
lyst. The filter catalyst is disposed in an exhaust gas flow path
of an internal combustion engine, traps PM in exhaust gas
generated in the internal combustion engine, and burns and
removes the deposited PM, so that the filter catalyst is regen-
erated.

The particulate matter purifying material includes an oxide
of cerium (Ce) having an oxygen storage-release capacity,
more specifically, includes a cerium dioxide (CeQ,) as amain
component and an oxide of metal (Me). A content ratio of
cerium (Ce) to metal (Me) in the particulate matter purifying
material is Ce:Me=6:4 to 9:1 in terms of an atomic ratio.
Examples of metal (Me) include zirconium (Zr), yttrium (Y),
lanthanum (La), praseodymium (Pr), strontium (Sr), niobium
(Nb) and neodymium (Nd), and an arbitrary combination
thereof.

In addition, the particulate matter purifying material has a
degree of crystallinity within a range of 25 to 60%. The
degree of crystallinity is represented by the following formula

).

Degree of crystallinity (CR)=I/I,x100(%) (€8]

In the formula (1). I represents an X-ray diftraction peak
intensity with regard to a (111) plane of a CeO, phase in the
particulate matter purifying material. I, represents an X-ray
diffraction peak intensity with regard to the (111) plane of the
CeO, phase after baking the particulate matter purifying
material at 1000° C. in air, typically, after baking the particu-
late matter purifying material at 1000° C. in air for five hours.
Note that, the X-ray diffraction peak with regard to the (111)
plane of the CeO, phase is a peak at approximately 26=28.5
deg.

The cerium oxide and the oxide of metal (Me) in the par-
ticulate matter purifying material according to the present
embodiment may be present in a state in which cerium oxide
particles and metal oxide particles are simply and physically
mixed together. Alternatively, the cerium oxide and the metal
oxide may be present in a state in which metal oxide fine
particles are dispersed on the surfaces and peripheries of the
cerium oxide particles. Further, the cerium oxide and the
metal oxide may be present in a state of a composite oxide in
which a part of a cerium site in a crystal lattice of the cerium
oxide is substituted by an atom of the metal.

The CeO, phase represents not only the cerium oxide
(CeO,) itself but also a portion having a crystal structure of
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CeQ,, including a portion in which the metal atom is inserted

into the CeQ, crystal lattice. It is assumed that an agent in the

particulate matter purifying material according to the present
embodiment is the portion in which a part of the cerium site in
the CeO, crystal structure is substituted by the metal atom.

The degree of crystallinity (CR) is a parameter with regard
to a degree of maturity of a crystal structure of the CeO,-Me
based composite oxide. The inventors have found that the
degree of crystallinity is an important property parameter to
define a PM burning ability achieved by the CeO,-Me based
composite oxide.

The PM purifying material according to the present
embodiment uses CeO, as a base material as described above.
It is assumed that active oxygen species such as O, are
emitted from the PM purifying material, so that PM present in
the periphery thereof is burned. In addition, it is assumed that
a second component and further a third component are added
to CeO,, thereby increasing the emission amount of such
active oxygen species. Non Patent Literature 1 teaches that
powder of a CeO,-Me based material and powder of PM are
mixed thoroughly, and the PM is burned under a lean condi-
tion with a 10% oxygen concentration, so that an ignition
temperature of the PM is decreased by several tens of degrees
compared to the case of using CeO, independently.

[Non Patent Literature 1] K. Harada, Y. Tsushio, A. Takami,
Journal of the Japan Petroleum Institute, 48, (4), 216
(2005)

FIG. 1 shows a result of a measurement of the amount of
active oxygen generated from the respective CeO,-Me com-
posite oxides at 500° C. in a nitrogen atmosphere using an
electron spin resonance method (ESR method). All the mate-
rials have an increased spin density ratio of O, active species
in contrast to CeQ, as a base material. In other words, when a
spin density when CeQ, is used independently is to be 1, a
spin density of cerin to which praseodymium (Pr), yttrium
(Y), lanthanum (La) or zirconium (Zr) is added is increased.
Especially, when yttrium (Y) and zirconium (Zr) are added,
the spin densities are greatly increased. Thus, it is recognized
that the decrease of the PM burning temperature due to the
addition of the second component causes the increase of the
emission amount of the active oxygen species. Namely, as
described above, it is assumed that the PM purifying material
emits active oxygen, thereby burning the PM present in the
periphery thereof.

However, the inventors encountered the phenomenon that
the temperature at the time of burning PM was not decreased
as in the case of the powder in Non Patent Literature when
each of the PM purifying materials was applied to a filter
catalyst having an actual size. In view of this, the inventors
considered that it was not sufficient only to increase the
amount of active oxygen in a low temperature region in order
to further decrease the PM burning temperature, and that a
decrease in temperature with regard to the active oxygen
emission property was required.

The inventors searched various parameters in order to
decrease the PM burning temperature. As a result, the inven-
tors recognized that it was not sufficient to simply add the
second and third components to CeO, as a main component,
and therefore, focused on the degree of crystallinity of CeO,
having an oxygen storage capacity and arrived at the conclu-
sion that controlling the degree of crystallinity was effective
for decreasing the PM burning temperature.

The degree of crystallinity (CR) as a scale with regard to a
crystalline property of CeO, can be changed when, for
example, the baking temperature of CeO, varies. Here, an
emission property of the active oxygen species O, in the PM
puritying material in which the degree of crystallinity was
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changed by baking the PM purifying material at a different
temperature in an electric furnace was investigated. Namely,
a spin density of O,~ was examined at a relatively low tem-
perature (400° C.) by the ESR method with regard to
praseodymium-added ceria (CeO,—Pr) in which a degree of
crystallinity was controlled by baking the praseodymium-
added ceria at a different temperature in air. FIG. 2 is a graph
showing a relationship between the degree of crystallinity of
the praseodymium-added ceria and the spin density of O,
active species in the case of the atmospheric temperature of
400° C. FIG. 2 shows a case where the degree of crystallinity
of the praseodymium-added ceria baked at 1000° C. in air is
100, and the spin density ratio is based on a value of a material
having a degree of crystallinity of 100. As shown in FIG. 2, it
is recognized that the emission amount of active oxygen (spin
density ratio) is increased as a material has a higher degree of
crystallinity. Note that, the calculation of the degree of crys-
tallinity focuses onthe (111) plane to be a main peak of X-ray
diffraction (XRD) as a specific crystalline plane of CeO, as
described above.

Next, approximately 0.45% by mass of platinum (Pt) was
supported on powder of the praseodymium-added ceria with
the controlled degree of crystallinity, so as to prepare
Pt/Ce0,-Me. Then, approximately 50 g/LL of the supported
powder was supported on a typical alternately blocked cordi-
erite filter substrate (diesel particulate filter) having a porosity
of 56%, so as to prepare a filter catalyst. Then, the filter
catalyst was installed in an exhaust gas piping system of a
diesel engine to trap a certain amount of PM, followed by
gradually increasing an exhaust gas temperature, thereby
evaluating a PM burning start temperature and a PM burning
rate. According to the result, it is recognized that the effect of
decreasing the PM burning start temperature is enhanced as
the degree of crystallinity is higher, and confirmed that the
degree of crystallinity of the material is an important factor.

However, when investigating more specifically, it is recog-
nized that the relationship between the degree of crystallinity
of'the material and the emission property of the active oxygen
species O,~ and the PM burning property as shown in FIG. 2
is not necessarily applied to the case in which an actual filter
catalyst is used in actual exhaust gas. Namely, in the actual
filter catalyst, it is recognized that the PM burning property is
not necessarily improved as the degree of crystallinity of the
PM purifying material is higher, and there is an optimal value
for the degree of crystallinity with respect to the PM burning
property (see FIG. 5). According to the above definition of the
degree of crystallinity (CR) of the material obtained by the
test data of FIG. 5, the degree of crystallinity of the PM
puritying material is preferably within a range of 25 to 60%,
more preferably within a range of 40 to 55%. When the degree
of crystallinity exceeds 60%, the PM burning property is
rapidly degraded.

As a material characteristic factor strongly related to the
degree of crystallinity, a crystallite diameter (D) derived from
an XRD result may be used. The crystallite diameter (D) is
obtained by Scherrer’s equation represented by the following
formula (2).

D=Np cos 6(nm) ()]

Inthe formula, A represents a measuring X-ray wavelength
(nm). P represents a diffraction line width according to a
crystallite dimension, that is, a full width at half maximum
B, > (radian) of the diffraction line. 0 represents a Bragg angle
of'the diffraction line. According to the X-ray diffraction peak
in the specific crystalline plane (111) of CeO, of the PM
puritying material, the crystallite diameter (D) obtained by
use of the formula (2) is preferably within a range of 10 nm to
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22 nm. The crystallite diameter (D) is more preferably within
arange of 15 nm to 20 nm in terms of'the relationship with the
degree of crystallinity (CR).

Here, the presence of the optimal values of the degree of
crystallinity and the crystallite diameter of the material sig-
nifies a presence of another factor conflicting with those. That
is a specific surface area. The specific surface area of the PM
puritying material according to the present embodiment is
preferably within a range of 15 to 55 m*/g, more preferably
within a range of 20 to 35 m*/g. The specific surface area is
inversely proportional to the degree of crystallinity. In the
CeO,-Me based material, when the specific surface area is 15
m?*/g or less, the degree of crystallinity exceeds 60%.
Although such a case may be preferable in view of active
oxygen emission, the PM burning property is degraded in the
actual filter catalyst. The reason for this is not definite; how-
ever, it is assumed that when the specific surface area is
decreased, the dispersion process to supply generated active
oxygen to PM may be affected adversely.

The present embodiment uses CeO, as a compound having
an oxygen storage-release capacity, as described above. In
addition, as an oxide obtained by the addition of metal (Me),
an oxide material having a so-called perovskite structure may
also be used. For example, an La—K—MnO based compos-
ite oxide may be used.

A method for manufacturing a CeO,-Me based material for
the PM purifying material according to the present embodi-
ment may employ various manufacturing methods. Particu-
larly, a coprecipitation method is a typical method for manu-
facturing the PM purifying material. For example, nitrates,
carbonates or acetates of cerium and each metal described
above are dissolved in water and mixed thoroughly. Then,
alkaline material is added to the mixture to produce a copre-
cipitated substance, followed by washing, filtering, drying
and baking, so as to obtain the PM purifying material.

More specifically, in the case of a CeO,—Zr composite
oxide, a mixed aqueous solution of cerium nitrate and zirco-
nium nitrate is first prepared. Next, a basic aqueous solution
such as diluted ammonia water or urea water is added to the
mixed aqueous solution, so as to obtain a coprecipitated sub-
stance. Then, the coprecipitated substance is washed with
water, dried and baked, thereby obtaining the CeO,—Zr com-
posite oxide.

The degree of crystallinity of the CeO,-Me based material
may be controlled by the variation of the baking temperature
in air, for example. Note that, the baking temperature is
required to be adjusted appropriately depending on the mate-
rial to be used and a method for forming the oxide.

[Filter Catalyst for Purifying Particulate Matter]|

A description will be made below of a filter catalyst for
puritying particulate matter according to the present embodi-
ment. The PM purifying material as described above is sup-
ported on a filter substrate, thereby obtaining the filter catalyst
for purifying particulate matter of the present embodiment.
When the above-described PM purifying material is sup-
ported on an actual monolithic filter substrate to obtain the
filter catalyst, the amount of the PM purifying material sup-
ported on the filter substrate is important for obtaining the
property of the material sufficiently to promote the PM burn-
ing property. The filter substrate effective in the present
embodiment is composed of porous ceramics having continu-
ous fine pores, and various types of filter substrates (diesel
particulate filters) made of silicon carbide, mullite, cordierite,
or the like may be applied to the filter substrate of the present
embodiment.

If the amount of the PM purifying material supported on
the filter substrate is not sufficient, the absolute amount of
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active oxygen to be emitted is decreased. As a result, the PM
burning property is degraded. On the other hand, if the sup-
ported amount of the PM purifying material is excessive, fine
pores of the filter substrate are blocked although the amount
of active oxygen is sufficient. Accordingly, a pressure loss is
increased. Furthermore, PM does not enter the fine pores but
are deposited and aggregated on the surface of the filter wall,
and the PM cannot be burned under a low temperature con-
dition such as 600° C. or less. If the temperature is increased
to forcibly burn the PM, the deposited PM is burned in a self
chain reaction, and thermal runaway may be caused. Thus,
according to the present embodiment, it is effective to coat the
filter substrate with 25 to 100 g of the PM purifying material
including noble metal per litter of the filter substrate so as to
provide a catalyst layer. In this case, the PM puritying mate-
rial is preferably coated on the wall of the filter substrate made
of porous ceramics having continuous fine pores, more pref-
erably coated on the inner surfaces of the fine pores in the
wall.

Inaddition, the filter catalyst for purifying PM according to
the present embodiment preferably contains noble metal in
the catalyst layer containing the PM purifying material. Pref-
erable examples of noble metal are platinum (Pt), palladium
(Pd) and silver (Ag), and a mixture thereof. A relatively small
amount of noble metal to be supported, that is, within a range
01'0.25 to 1.0 g per liter of the filter substrate is included in the
catalyst layer, so as to improve the PM burning property.

The addition of noble metal is effective for improving a PM
burning rate. It is to be noted that an excessive amount of
noble metal is inefficient and useless, and may cause a
decrease in durability. Thus, the supported amount of Pt,
which is typical metal as noble metal, is preferably within a
range of 0.3 to 0.7 g/L.. Noble metal activates hydrocarbon
(HC), carbon monoxide (CO) and nitrogen oxide (NOx) con-
tained in exhaust gas, and helps emission of active oxygen
from the PM purifying material. However, an excessive
amount of noble metal may adversely affect such an action.
Accordingly, 0.3 to 0.7 g/LL of the supported amount is an
effective range.

In the filter catalyst for purifying PM according to the
present embodiment, platinum as noble metal, for example, is
supported on powder of the CeO,-Me based material with a
relatively low concentration of 1.0% by mass or less. More
specifically, approximately 0.5% by mass of platinum is sup-
ported on the powder so as to prepare Pt/CeO,-Me powder.
Then, an alternately blocked cordierite filter substrate having
the cell number of 300 cell/in?, a wall thickness of 12 mil, and
a porosity of 56 to 62% is coated with the Pt/CeO,-Me pow-
der.

As described above, the supported amount of the PM puri-
fying material including noble metal is within a range of 25 to
100 g/L, preferably within a range of 40 to 70 g/L.. Namely,
the catalyst layer contains 25 to 100 g/L. of the mixture of the
particulate matter purifying material and noble metal, and
contains 0.25 to 1.0 g/L. of noble metal. An average particle
diameter of the particulate matter purifying material is pref-
erably within a range of 0.1 um to 5 pm. Due to such an
average particle diameter, blocking of the fine pores of the
filter substrate can be prevented while a relatively large sup-
ported amount is ensured. Accordingly, a pressure loss can be
decreased while the PM burning property is improved. Note
that, the average particle diameter of the particulate matter
purifying material is a 50% cumulative particle diameter
(D50) measured by a laser diffraction particle size distribu-
tion analyzer.

In order to provide the catalyst layer on the filter substrate,
water, acid and a binder composed of silica or alumina is first
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added to catalyst powder (particulate matter purifying mate-
rial and noble metal) so as to be slurried. Next, the slurry is
poured into the filter substrate, followed by applying pressure
to fill the fine pores of the filter substrate with the slurry and
removing redundant slurry by airflow. Then, the filter sub-
strate is dried and baked, thereby preparing the filter catalyst.
In the present embodiment, the catalyst slurry is preferably
provided to coat the inside of the fine pores evenly as much as
possible.

Although the porosity of the filter substrate (diesel particu-
late filter) used in the present embodiment is effective within
a range of 42 to 62%, the preferable range of the effective
porosity varies depending on the material of the filter sub-
strate. When the filter substrate is made of cordierite, the
porosity is preferably within a range of 56 to 62%. When the
filter substrate is made of silicon carbide (SiC), the porosity is
preferably within a range of 42 to 56%. The filter substrates
having such porosity ranges are commercially available and
thus easily obtainable.

FIG. 3 shows one example of the filter catalyst according to
the present embodiment. FIG. 3(A) is a perspective view of
the filter catalyst, FIG. 3(B) is an enlarged view showing a
side surface of the filter catalyst shown in FIG. 3(A), FIG.
3(C) is a cross-sectional view cut along a longitudinal direc-
tion of'the filter catalyst shown in FIG. 3(A), and FIG. 3(D) is
a partially enlarged cross-sectional view of a cell wall 12W
shown in FIG. 3(C). In the figures, a filter catalyst 10 includes
a filter substrate 12, and a catalyst layer 20 supported on the
filter substrate 12. The filter substrate 12 is provided with a
plurality of cells 12C that are segmented with the cell wall
12W, and the ends of'the cells 12C in each side are alternately
closed (blocked), so as to provide a so-called checkered hon-
eycomb substrate (see FIGS. 3(B) and 3(C)).

As indicated by the arrows Eg in FIG. 3(C), exhaust gas
enters the filter substrate 12 from the opened cells 12C at a
cell inlet side of the filter substrate 12, flows into the adjacent
cell 12C through a plurality of fine pores 12Wp of the cell
wall 12W, and comes out of the opened cells at a cell outlet
side. The cells 12C adjacent to each other are communicated
via the fine pores 12Wp so that exhaust gas can flow between
the adjacent cells while trapping PM. The reference numeral
30 represents PM (see FIG. 3(D)).

In the filter catalyst shown in FIG. 3, the catalyst layer 20 is
formed in such a manner that a catalyst component is rela-
tively evenly provided on the inner surfaces of the fine pores
12Wp of the cell wall. In addition, the catalyst layer 20 is
provided also on the outer surface of the cell wall 12W (not
shown in the figure). Thus, the present embodiment employs
not only a surface filtration system in which the catalyst layer
is formed mainly on the outer surface of the cell wall 12W, but
also a depth filtration system in which the catalyst layer is
formed in the fine pores 12Wp of the cell wall of the filter
substrate. According to the filter catalyst of the present
embodiment, the inside of the fine pores of the cell wall is
effectively used for filtration much more than the outer sur-
face of the cell wall. The combination ofthese systems further
contributes to promote the property of the PM purifying mate-
rial advantageously since the PM 30 is easily trapped in the
fine pores of the cell wall. Note that, the PM purifying mate-
rial according to the present embodiment may be used with
the surface filtration system.

The filter catalyst as described above is installed in an
exhaust system of a diesel engine. For example, an oxidation
catalyst, the filter catalyst and a NOx trap catalyst are pro-
vided in this order from the upstream side in the exhaust
system. The order of the filter catalyst and the NOx trap
catalyst may be changed. In addition, the oxidation catalyst
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and the filter catalyst may be housed together in a single
casing. Further, an oxidation catalyst component may be sup-
ported on some parts of the filter catalyst. The oxidation
catalyst oxidizes hydrocarbon and carbon monoxide in
exhaust gas. The NOx trap catalyst traps nitrogen oxide in the
exhaust gas when an air-fuel ratio of the exhaust gas is lean,
and the NOx trap catalyst releases and reduces the trapped
nitrogen oxide when the air-fuel ratio of the exhaust gas is
stoichiometric or rich.

FIG. 4 is a system configuration diagram showing one
example of an exhaust gas purifying system including the
filter catalyst according to the present embodiment. From the
upstream side of an exhaust gas flow path 1e of an engine 1,
an oxidation catalyst 3, the filter catalyst 10 and a NOx trap
catalyst 5 are placed in this order. In this system, the regen-
eration temperature of the filter catalyst 10 can be decreased
to alower temperature such as 550° C. or less. Therefore, even
in the case where the filter catalyst 10 is provided upstream of
the NOx trap catalyst 5, the filter catalyst 10 is hardly sub-
jected to a high temperature, and thus, an influence of thermal
degradation can be prevented.

[Method of Regenerating Filter Catalyst for Purifying Par-
ticulate Matter]

A description will be made below of a method of regener-
ating the filter catalyst for purifying particulate matter
according to the present embodiment. The present invention
is characterized in that the property of the PM purifying
material is controlled, so as to achieve the PM burning prop-
erty to the maximum. Thus, the usage of the filter catalyst is
significantly important.

In the present embodiment, when the filter catalyst for
puritying PM obtained as described above is actually
installed ina vehicle, an inner temperature of the filter catalyst
is preferably controlled to be 800° C. or less to burn and
remove the deposited PM in the filter catalyst. This is because
the degree of crystallinity and the specific surface area of the
PM purifying material according to the present embodiment
are required to be maintained within the effective ranges,
respectively, when the filter catalyst is actually used. Namely,
if the inner temperature of the filter catalyst exceeds 800° C.,
a crystal growth of CeO, in the PM puritying material is
caused rapidly. As a result, a decrease in specific surface area
may be promoted.

As for the process of the appropriate method of regenerat-
ing the filter catalyst for purifying particulate matter in use,
the deposited amount of PM trapped by the filter catalyst is
detected first. Next, at the time of burning and removing the
PM when more than a certain amount of PM is deposited, a
temperature of exhaust gas at an inlet of the filter catalyst is
controlled to be within a range of 350 to 550° C., and an
oxygen concentration in the exhaust gas flowing into the filter
catalyst is controlled to be 8% or more. If the temperature of
the exhaust gas at the inlet of the filter catalyst is less than
350° C., it is difficult to increase a burning rate of the PM.
However, when using the PM purifying material according to
the present embodiment, a burning efficiency of the PM may
not be improved if the burning rate of the PM associated with
the increase of the temperature of the exhaust gas becomes
too high. In addition, if the temperature of the exhaust gas is
increased to more than 600° C., the PM may be burned in a
self chain reaction. As a result, various problems such as a
rapid increase in temperature of the filter catalyst may be
caused.

According to the regeneration method of the present
embodiment, a high burning rate of PM can be obtained even
under a relatively mild condition with a low temperature, and
a high removal rate obtained by burning PM can be achieved.
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Further, since the filter catalyst is not subjected to a high
temperature, degradation of the filter catalyst can be pre-
vented. Accordingly, extra fuel consumption and an adverse
effect on engine oil due to high temperature can be sup-
pressed.

Next, the regenerating method according to the present
embodiment will be explained with reference to the example
of the exhaust gas purifying system shown in FIG. 4. In the
exhaust gas purifying system shown in FIG. 4, the inlet of the
filter catalyst 10 may be provided with an oxygen control
means not shown in the figure. The oxygen control means is
not particularly limited as long as the oxygen control means
have a function to control an oxygen concentration in exhaust
gas in a similar manner to conventional means. The oxygen
control means may be a combination of an exhaust gas recir-
culation device (EGR device) and an intake air variable
device. Particularly, an effective method for operating the
EGR device and the intake air variable device based on pre-
diction controlling is disclosed in Japanese Patent No.
3918402. In addition, a method for introducing secondary air
into the catalyst inlet while measuring an oxygen concentra-
tion of exhaust gas may be applied to the present embodiment.
The above-mentioned methods may also be used in combi-
nation.

As described above, the exhaust gas purifying system
according to the present embodiment controls the tempera-
ture of exhaust gas at the inlet of the filter catalyst 10 to be
within a range of 350° C. to 550° C., and controls the oxygen
concentration of the exhaust gas to be 8% or more. More
specifically, a prediction measurement means for measuring
the amount of trapped PM, such as a means to detect a pres-
sure loss between front of and behind the filter catalyst 10, is
provided in the system. That is, the means determines
whether or not the pressure loss reaches a predetermined
value after the deposition of the PM. When the pressure loss
exceeds a predetermined value and a large amount of the PM
is trapped, the system increases the temperature of exhaust
gas, and holds the temperature until the pressure loss is
decreased to a specified value, thereby regenerating the filter
catalyst 10. The temperature of the exhaust gas at this time
can be controlled by the optimization of the amount of post
injection of the engine 1 and timing thereof.

However, there may be a case where each pressure loss
between front of and behind the filter catalyst 10 is not
increased contrary to expectations, and the PM is deposited
excessively for some reason, for example, due to an operating
condition of the engine. In such a case, in order to prevent
thermal runaway caused by self chain reaction burning of the
PM, a treatment (operation) to gradually increase the tem-
perature of the exhaust gas may be performed after a rela-
tively low temperature treatment is preliminarily performed.
Moreover, even when the deposited PM is partially or totally
burned in a self chain reaction mode because of the operating
condition, the inner temperature of the filter catalyst 10 is
monitored and EGR gas is supplied, thereby preventing the
temperature of the filter catalyst 10 from increasing to more
than 800° C.

The means to predict the amount of trapped PM described
above is not particularly limited. As an example of the means
to predict the amount of trapped PM, a control system appa-
ratus including a central processing unit (CPU) storing char-
acteristics maps associated with parameters such as a engine
speed of an engine, an accelerator opening degree, load, and
an exhaust gas temperature and exhaust gas amount may be
used.
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12
EXAMPLES

The following is a further specific explanation of the
present embodiment with reference to examples. However,
the scope of the present invention is not limited to these
examples.

[Manufacture of Filter Catalyst 1]

(Manufacture of Particulate Matter Purifying Material
(CeO,—Pr))

First, cerium nitrate and praseodymium nitrate were dis-
solved in ion-exchanged water in such a manner that an
atomic ratio of cerium to praseodymium was 7:3, so as to
prepare a mixed aqueous solution. Next, diluted ammonia
water was added to the mixed aqueous solution, followed by
stirring, so as to obtain a coprecipitated substance. Then, the
coprecipitated substance was filtered, washed with water,
dried and baked, thereby preparing a CeO,—Pr composite
oxide.

Then, powder of the CeO,—Pr composite oxide (Ce:
Pr=7:3 (atomic ratio)) was baked in an electric furnace in air
for five hours while varying temperatures, so as to obtain
seven types of powders 1 to 7, each having different degree of
crystallinity, crystallite diameters and specific surface areas
as shown in Table 1. Table 1 shows the respective baking
temperatures, degree of crystallinity, crystallite diameters
and specific surface areas of the powders 1 to 7. The respec-
tive degree of crystallinity and the crystallite diameters were
obtained by an X-ray diffraction peak in a (111) plane of a
CeO, phase measured using an X-ray diffractometer. The
specific surface areas were obtained by a gas adsorption
method.

TABLE 1
Baking Degree of Crystallite Specific
Ce:Pr Temper- Crystal- Dia- Surface
(Atomic  ature linity meter Area
Ratio) (°C)) (%) (nm) (m?/g)
Powder 1 7:3 400 20 11 64
Powder 2 7:3 500 30 15 50
Powder 3 7:3 700 40 18 28
Powder 4 7:3 730 49 19 26
Powder 5 7:3 750 55 20 24
Powder 6 7:3 830 65 30 15
Powder 7 7:3 1000 100 46 6

(Manufacture of Particulate Matter Purifying Material
(CeO,—Nd))

First, cerium nitrate and neodymium nitrate were dissolved
in ion-exchanged water in such a manner that an atomic ratio
of cerium to neodymium was 7:3, so as to prepare a mixed
aqueous solution. Next, diluted ammonia water was added to
the mixed aqueous solution, followed by stirring, so as to
obtain a coprecipitated substance. Then, the coprecipitated
substance was filtered, washed with water, dried and baked,
thereby preparing a CeO,—Nd composite oxide.

Then, powder of the CeO,—Nd composite oxide (Ce:
Nd=7:3 (atomic ratio)) was baked in an electric furnace in air
for five hours while varying temperatures, so as to obtain
seven types of powders 8 to 14, each having different degree
of crystallinity, crystallite diameters and specific surface
areas as shown in Table 2. Table 2 shows the respective baking
temperatures, degree of crystallinity, crystallite diameters
and specific surface areas of the powders 8 to 14.
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TABLE 2
Baking Degree of Crystallite Specific
Ce:Nd Temper- Crystal- Dia- Surface
(Atomic ature linity meter Area
Ratio) ce) (%) (m) (g
Powder 8 7:3 400 24 13 58
Powder 9 7:3 500 32 16 46
Powder 10 7:3 700 38 19 37
Powder 11 7:3 730 44 20 31
Powder 12 7:3 750 53 24 27
Powder 13 7:3 830 59 28 20
Powder 14 7:3 1000 100 50 5

(Formation of Catalyst Layer on Filter Substrate)

w

10

14

degree of crystallinity, crystallite diameters and specific sur-
face areas as shown in Table 3.

TABLE 3
Baking Degree of Crystallite Specific
Ce:Pr Temper- Crystal- Dia- Surface
(Atomic ature linity meter Area
Ratio) °C) (%) (nm) (m?/g)
Powder 15 5:5 700 33 17 46
Powder 16 6:4 700 37 18 40
Powder 17 9:1 700 44 19 30
Powder 18 9.5:0.5 700 48 21 28

Next, 500 g of the respective powders 1 to 14 was impreg- 15
nated with 550 g of a dinitrodiammine platinum (Pt) aqueous
solution, and the mixture was stirred and dried to remove (Formation of Catalyst Layer on Filter Substrate)
. : o
Ths, 0.45% by tyss of b was sepported on he respectve __ FifSh 0:45% by mass of Pt was supported on he respestive
! - o powders 15 to 18 in a similar manner to the above-described
powders 1 to 14. Next, 500 g of the respective 0.45% by mass .. . .
Pt-supported powders 1 to 14 thus obtained and 2500 g of process. In addition, catalyst slurr.les 1.5 to 1.8 cprrespondlng
water were mixed. Then, the mixture was put into a magnetic to the powders 15 to 18 were obtained in a similar manner to
ball mill made of alumina, followed by wet-milling so as to the above-described process. Then, a cordierite honeycomb
have an average diameter of 2.1 um, thereby obtaining cata- filter substrate was coated with the respective catalyst slurries
lyst slurries 1 to 14 corresponding to the powders 1 to 14. 15 to 18 in a similar manner to the above-described process,
In addition, the powder 2 was subjected to the similar 2> thereby obtaining filter catalysts 15 to 18 in which approxi-
operation described above, thereby manufacturing a catalyst  mately 50 /L of a catalyst layer was formed on the filter
slurry 2' on which 1.2% by mass of Pt was supported. substrate, respectively.
Then, an alternately blocked cordierite honeycomb filter .
substrate having a porosity of 56% (diameter 5.66 inches, 2.5 [Manufacture of Filter Catalyst 3]
L, 300 cpsi) was prepared. The filter, substrate was sprayed 3°  (Manufacture of Particulate Matter Purifying Material)
and coated with the respective catalyst slurries 1 to 14 and 2'. First. ceri itrate and zi . itrat dissolved
The redundant slurries were then removed by compressed LTSt cerium firate and ZIrCONIuiL mirale were dissolve
airflow, followed by drying at 130° C. and baking at 400° C. mn 10n-.exchang§:d water i such a manner that an atomic ratio
for three hours. Thus, filter catalysts 1 to 14 and 2' in which of cerium to Zireonium was 7:3, so as to prepare a mixed
approximately 50 g/L of a catalyst layer was formed on the 35 2qUeous solution. Next, d%luted ammonia water was added to
filter substrate, respectively, were obtained. the Iplxed aqueous solution, followed by stirring, S0 as to
[Manufacture of Filter Catalyst 2] obtain a coprecipitated substance?. Then, the .copre01p1tated
(Manufacture of Particulate Matter Purifying Material substance Was.ﬁltered, washed with water, d.rled and bgked,
(CeO,—Pr)) thereby preparing a .CeOz.—Zr composite oxide. In.addm.on,
First, cerium nitrate and praseodymium nitrate were dis- 49 @ CeO,—Y composite oxide, a CeO,—La composite oxide,
solved in ion-exchanged water in such a manner that an a CeO,—Sr composite oxide, a CeO,—Nb composite oxide
atomic ratio of cerium to praseodymium was 5:5, so as to and a CeO,—Nd composite oxide were prepared using
prepare a mixed aqueous solution. Next, diluted ammonia yttrium nitrate, lanthanum nitrate, strontium nitrate, niobium
water was added to the mixed aqueous solution, followed by nitrate and neodymium nitrate, respectively, in a similar man-
stirring, so as to obtain a coprecipitated substance. Then, the ,; ner to the CeO,—Zr composite oxide.
coprecipitated substance was filtered, washed with water, Then, the CeO,—Zr composite oxide, the CeO, Y com-
dried and baked, thereby preparing a CeO,—Pr composite it . de. th 2C O I it - de. th 2C 0.3
oxide 1. In addition, CeO,—Pr composite oxides 2 to 4 in POSTEE oxIde, The LeL),~ ~1a COMPOSILE OXIAe, The L ey =St
which atomic ratios of cerium to praseodymium were 6:4, 9:1 composite oxide, the Ce?Oz—Nb comppsﬁe OXId? and the
and 9.5:0.5, respectively, were prepared in a similar manner CeQz—Nd composite oxide were baked in an.electnc furnace
to the CeO,—Pr composite oxide 1. 50 in air at 700° C. for five hours, so as to obtain four types of
Then, the CeO,—Pr composite oxides 1 to 4 were baked in powders 19 to 24, each having different degree of crystallin-
an electric furnace in air at 700° C. for five hours, so as to ity, crystallite diameters and specific surface areas as shown
obtain four types of powders 15 to 18, each having different in Table 4.
TABLE 4
Composition Baking Degree of  Crystallite Specific  Noble Noble Metal
of Composite Temperature Crystallinity Diameter Surface Area Metal Supported Amount
Oxide (°C) (%) (nm) (m?/g)  Type (mass %)
Powder 19 Ce:Zr=7:3 700 45 18 32 Pd 0.6
Powder 20 CeY =7:3 700 42 18 34 Pt 045
Powder 21 Ce:La=7:3 700 43 18 32 Ag 1.0
Powder 22 Ce:Sr=7:3 700 40 17 35 Pt 0.45
Powder 23 Ce:Nb =7:3 700 38 17 35 Pt 045
Powder 24 Ce:Nd =7:3 700 36 16 40 Pt 045
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(Formation of Catalyst Layer on Filter Substrate)

Next, 500 g of the powder 19 was impregnated with a
palladium (Pd) nitrate aqueous solution, and the mixture was
stirred and dried to remove water, followed by baking in an
electric furnace at 400° C. Thus, 0.6% by mass of Pd was
supported on the powder 19. Next, 500 g of the 0.6% by mass
Pd-supported powder 19 thus obtained and 2500 g of water
were mixed. Then, the mixture was put into a magnetic ball
mill made of alumina, followed by wet-milling so as to have
an average diameter of 2.1 um, thereby obtaining a catalyst
slurry 19 corresponding to the powder 19.

In addition, 500 g of the powder 21 was impregnated with
a silver (Ag) nitrate aqueous solution, and the mixture was
stirred and dried to remove water, followed by baking in an
electric furnace at 400° C. Thus, 1.0% by mass of Ag was
supported on the powder 21. Next, 500 g of the 1.0% by mass
Ag-supported powder 21 thus obtained and 2500 g of water
were mixed. Then, the mixture was put into a magnetic ball
mill made of alumina, followed by wet-milling so as to have
an average diameter of 2.1 um, thereby obtaining a catalyst
slurry 21 corresponding to the powder 21.

Note that, 0.45% by mass of Pt was supported on the
respective powders 20 and 22 to 24 in a similar manner to the
above-described process. Then, catalyst slurries 20 and 22 to
24 corresponding to the powders 20 and 22 to 24 were
obtained in a similar manner to the above-described process.

Then, a cordierite honeycomb filter substrate was coated
with the respective catalyst slurries 19 to 24 in a similar
manner to the above-described process, thereby obtaining
filter catalysts 19 to 24 in which approximately 50 g/LL of a
catalyst layer was formed on the filter substrate, respectively.
Note that, with respect to the catalyst slurries 19 and 21, the
coating amounts were adjusted so as to have the same sup-
ported amount of noble metal on the respective filter sub-
strates as the other catalyst slurries.

[Performance Test of Filter Catalyst]

As shown in FIG. 4, the respective filter catalysts 1 to 24
and 2' were placed in an exhaust gas flow path ofa 2800 cc six
cylinder direct-injection diesel engine manufactured by NIS-
SAN MOTOR CO., LTD., which was constantly operated at
a engine speed of approximately 2000 rpm, so that approxi-
mately 6 g/l. of PM was deposited on the respective filter
catalysts. In this test, the inner temperature of the respective
filter catalysts was set to 280° C. It has been confirmed that a
burning rate of PM is extremely slow at that temperature.

Then, an exhaust gas pipe was shifted to allow exhaust gas
of'the engine to flow into the respective filter catalysts through
an exhaust gas temperature control device installed with a
heater, thereby regenerating the respective filter catalysts.
More specifically, the engine was operated at a engine speed
of approximately 1800 rpm, an inlet temperature of the
respective filter catalysts was set to a prescribed temperature
(440° C.) by use of the exhaust gas temperature control
device, and a pressure loss was measured by each pressure
sensor fixed in front of and behind the respective filter cata-
lysts. Then, the amount of time that the pressure loss returned
to an initial value was measured, and the weight of the respec-
tive filter catalysts was confirmed, thereby calculating a burn-
ing rate of the deposited PM (PM oxidation rate) at the pre-
scribed temperature. In the regeneration process of the
respective filter catalysts, in order to remove redundant PM
flowing into the filter catalysts, a cordierite filter on which no
noble metal was supported was provided upstream of the
respective filter catalysts.

With regard to the main components of exhaust gas and the
concentrations thereof at the time of regenerating the filter
catalysts, NOx was 180 ppm or less, NMHC was 100 ppm or

10

15

20

25

30

35

40

45

50

55

60

65

16
less, CO was 800 ppm or less, and O, was 10 vol %. The fuel
used was commercially available JIS Type 2 light oil, and a
gas hourly space velocity (GHSV) was approximately 45,000
h! with respect to the filter catalysts. Note that, NMHC is an
abbreviation for non-methane hydrocarbon, and represents a
type of hydrocarbon from which methane is removed.

FIG. 51s a graph showing a relationship between the degree
of crystallinity and the PM oxidation rate in the respective
filter catalysts of the powders 1 to 7 and 2' with regard to the
CeO,—Pr composite oxide and the powders 8 to 14 with
regard to the CeO,—Nd composite oxide. In the regeneration
treatment of the filter catalysts, the exhaust gas temperature at
the inlet of the respective filter catalysts was set to 440° C. As
shown in FIG. 5, it is recognized that the filter catalysts using
the particulate matter purifying material according to the
present embodiment (powders 2 to 5 and 9 to 13) achieve a
high PM burning rate at 440° C. In this case, it is recognized
when the degree of crystallinity in which a crystal growth in
the CeO, (111) plane in the CeO,—Pr composite oxide is
parameterized is used, the filter catalysts using the materials
with the degree of crystallinity (CR) of 40%, 49% and 55%
have a high PM burning rate; on the other hand, the filter
catalyst using the material with the degree of crystallinity of
65% has a lower PM burning rate. Similarly, in the case of the
CeO,—Nd composite oxide, it is recognized that the filter
catalysts using the materials with the degree of crystallinity
(CR) of 38%, 44% and 53% have a high PM burning rate.

In the cordierite honeycomb filter catalyst having a poros-
ity of 56%, the pressure loss is increased when the supported
amount of the catalyst exceeds 70 g/L.. When the supported
amount exceeds 100 g/L, the pressure loss becomes uncon-
trollable. Further, with regard to the influence of the Pt sup-
ported amount, it is recognized when the concentration
exceeds 1.0% by mass, the burning rate tends to decrease, and
therefore, the supported Pt is to be wasted.

FIG. 6 is a graph showing a relationship between the
atomic ratio of cerium to praseodymium and the PM oxida-
tion rate in the CeO,—Pr composite oxide on which 0.45%
by mass of Pt is supported. Namely, FIG. 6 shows the PM
oxidation rate of the respective filter catalysts using the pow-
ders 3 and 15 to 18. As shown in FIG. 6, the PM oxidation rate
is high within the range of Ce:Pr=6:4 to 9:1. More specifi-
cally, the PM oxidation rate shows the maximum value at
Ce:Pr=7:3, and compositions with the ratio exceeding
Ce:Pr=9:1 and compositions with the ratio below Ce:Pr=6:4
have a lower oxidation rate, respectively.

FIG. 7 is a graph showing a relationship between the type
of metal (Me) added to CeO, and the PM oxidation rate.
Namely, FIG. 7 shows the PM oxidation rate of the respective
filter catalysts using the powders 3 and 19 to 24. As shown in
FIG. 7, it is recognized when zirconium (Zr), yttrium (Y),
lanthanum (La), praseodymium (Pr), strontium (Sr), niobium
(Nb) and neodymium (Nd) are used as metal (Me), all the
filter catalysts show good performance. With regard to the
powder 19 using zirconium and the powder 21 using lantha-
num on which Pd and Ag are supported as noble metal,
respectively, it is recognized that the filter catalysts thereof
both show a high PM oxidation rate.

In the embodiment and the examples described above, the
solid catalyst material and the supporting conditions to the
filter substrate for achieving a sufficient PM burning property
are provided. In addition, the appropriate usage conditions of
the filter catalyst are also provided, so as to obtain the filter
catalyst that can start acting at a low temperature and provide
good performance stably for a long period of time. Accord-
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ingly, excess fuel consumption can be avoided, and thermal
runaway of the filter catalyst due to excessive PM burning can
be prevented.

In addition, when focusing on the property of the cerium
based material capable of storing and releasing oxygen, it is
recognized that even solid particulate matter that generally
has a low contact ratio can be burned with high efficiency.
Further, it has been confirmed when the material having such
a characteristic is supported on the actual monolithic filter
substrate, the combination of the depth filtration system using
the inner wall of the filter substrate and the surface filtration
system that has been conventionally used widely is more
effective than the case where the surface filtration system is
used independently.

In addition to the above-described matters, the optimal
usage of the filter catalyst to maintain the above-described
characteristics, namely, the appropriate determination of the
temperature and oxygen concentration, can allow PM burn-
ing to be performed under a low temperature condition, and
can provide the regeneration method by which the above-
described characteristics can be maintained for a long period
of time. Therefore, the amount of fuel and engine oil con-
sumption can be reduced, and the amount of the noble metal
catalyst to be used can be also reduced. Consequently, the
internal combustion engine capable of emitting purified
exhaust gas can be provided.

The entire content of Japanese Patent Application No.
P2008-297932 (filed on Nov. 21, 2008) is herein incorporated
by reference.

Although the present invention has been described above
by reference to the embodiment and the examples, the present
invention is not limited to those, and it will be apparent to
these skilled in the art that various modifications and
improvements can be made.

INDUSTRIAL APPLICABILITY

According to the present invention, the cerium based mate-
rial having a predetermined property is used. Therefore, the
present invention can provide the particulate matter puritying
material that has an excellent particulate matter purifying
property and is capable of starting purifying particulate mat-
ter at a low temperature and preventing thermal runaway of
the filter catalyst, the filter catalyst using the particulate mat-
ter purifying material, and the method of regenerating the
filter catalyst.

REFERENCE SIGNS LIST

1 Engine

1e Exhaust gas flow path
3 Oxidation catalyst

5 NOX trap catalyst

10 Filter catalyst

12 Filter substrate

12C Cell

12W Cell wall

12Wp Fine pore

20 Catalyst layer

30 Particulate matter (PM)

The invention claimed is:

1. A particulate matter purifying material used for a filter
catalyst for purifying exhaust gas containing particulate mat-
ter, the filter catalyst being disposed in an exhaust gas flow
path of an internal combustion engine, trapping the particu-
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late matter in the exhaust gas generated in the internal com-
bustion engine, and burning the particulate matter, so as to be
regenerated,
the particulate matter purifying material comprising:
an oxide containing: cerium (Ce) having an oxygen stor-
age-release capacity; and at least one metal (Me)
selected from the group consisting of zirconium (Zr),
yttrium (Y), lanthanum (La), praseodymium (Pr), stron-
tium (Sr), niobium (Nb) and neodymium (Nd),
wherein a content ratio (Ce:Me) of cerium to the metal is
6:4 to 9:1 in terms of an atomic ratio, and
a degree of crystallinity (CR) represented by the following
formula (1) is within a range of 36 to 60%:

Degree of crystallinity (CR)=I/I,x100(%) (€8]

wherein I represents an X-ray diffraction peak intensity with
regard to a (111) plane of a CeO, phase in the particulate
matter purifying material, and I, represents the X-ray diffrac-
tion peak intensity with regard to the (111) plane of the CeO,
phase after the particulate matter purifying material is baked
in air at 1000° C.

2. The particulate matter purifying material according to
claim 1, wherein a crystallite diameter represented by the
following formula (2) in compliance with Scherrer’s equation
is within a range of 10 nm to 22 nm with regard to the (111)
plane of the CeO, phase in the particulate matter purifying
material:

D=Np cos 6(nm) 2)

wherein A represents a measuring X-ray wavelength (nm),
P represents a full width at half maximum §, , (radian)
of a diffraction line according to a crystallite dimension,
and 0 represents a Bragg angle of the diffraction line.

3. The particulate matter purifying material according to
claim 1, wherein a specific surface area is within a range of 15
to 40 m*/g.

4. A filter catalyst for purifying exhaust gas containing
particulate matter that is disposed in an exhaust gas flow path
of'an internal combustion engine, traps the particulate matter
in the exhaust gas generated in the internal combustion
engine, and burns the particulate matter, so as to be regener-
ated,

the filter catalyst comprising:

a filter substrate made of porous ceramics having continu-

ous fine pores; and

a catalyst layer formed on a wall of the filter substrate,

wherein the catalyst layer contains: 25 to 100 g/L. of a

mixture of the particulate matter purifying material
according to claim 1 and noble metal; and 0.25t0 1.0 g/L.
ofthe noble metal, per unit volume of'the filter substrate.

5. The filter catalyst for purifying exhaust gas containing
particulate matter according to claim 4, wherein a porosity of
the filter substrate is within a range of 42 to 62%.

6. The filter catalyst for purifying exhaust gas containing
particulate matter according to claim 4, wherein the filter
substrate is cordierite-based, and a porosity thereof is within
a range of 56 to 62%.

7. The filter catalyst for purifying exhaust gas containing
particulate matter according to claim 4, wherein the filter
substrate is made of silicon carbide (SiC), and a porosity
thereof is within a range of 42 to 56%.

8. The filter catalyst for purifying exhaust gas containing
particulate matter according to claim 4, wherein the noble
metal is at least one selected from the group consisting of
platinum (Pt), palladium (Pd) and silver (Ag).

9. A method of regenerating a filter catalyst for purifying
exhaust gas containing particulate matter, comprising:
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preparing the filter catalyst for purifying the exhaust gas
containing the particulate matter according to claim 4;
and

controlling an inner temperature of the filter catalyst to be

800° C. or less, thereby burning and removing the par- 5
ticulate matter deposited on the filter catalyst.

10. The method of regenerating the filter catalyst for puri-
fying exhaust gas containing particulate matter according to
claim 9, further comprising:

detecting a deposited amount of the particulate matter on 10

the filter catalyst; and

when more than a certain amount of the particulate matter

is deposited, controlling a temperature of the exhaust gas

at an inlet of the filter catalyst to be 350 to 550° C., and
controlling an oxygen concentration to be 8% or more, 15
thereby burning and removing the particulate matter.
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